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Abstract. Galaxy clusters grow by mergers with other clusters and
galaxy groups. These mergers create shocks within the intracluster
medium (ICM). It is proposed that within the shocks particles can be
accelerated to extreme energies. In the presence of a magnetic field
these particles should then form large regions emitting synchrotron ra-
diation, creating so-called radio relics. An example of a cluster with
relics is CIZA J2242.8+5301. Here we present hydrodynamical simu-
lations of idealized binary cluster collisions with the aim of constrain-
ing the merger scenario for this cluster. We conclude that by using the
location, size and width of double radio relics we can set constraints
on the mass ratios, impact parameters, timescales, and viewing geome-
tries of binary cluster merger events.
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1. Introduction
Radio relics are elongated filamentary sources found in massive merging galaxy
clusters. These radio sources indicate the presence of magnetic fields and particle
acceleration within the ICM (e.g., Jaffe 1977; Govoni & Feretti 2004). Since all
giant radio relics are found in merging clusters (e.g., Govoni et al. 2004; Barrena
et al. 2007; Brunetti et al. 2009; Cassano et al. 2010), it has been proposed that a
small fraction of the energy released during a cluster merger event is channeled into
(re)acceleration of particles. The currently favored scenario for the origin of giant
radio relics is that they trace shock waves within the ICM in which particles are
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Figure 1. Velocity field for a 2:1 mass ratio merger with an impact parameter b = 0 (left)
and b = 536 kpc (right), for the slice z = 0. The two snapshots were chosen such that
the center of the two shock waves are separated by 2.8 Mpc. The color image displays the
temperature distribution. The maximum absolute velocity is ∼ 1400 km s−1.
(re)accelerated by the diffusive shock acceleration mechanism (e.g., Drury 1983;
Blandford & Eichler 1987; Jones & Ellison 1991; Malkov & O’C Drury 2001).
An alternative scenario has been proposed by Keshet (2010) based on a single sec-
ondary cosmic ray electron model, where the time evolution of both magnetic fields
and cosmic ray distribution are taken into account to explain giant relics (and radio
halos).
Particularly interesting are the so-called double-relics, where two relics are di-
ametrically located on both sides of the cluster center (e.g., Bonafede et al. 2009;
van Weeren et al. 2009; Bagchi et al. 2006; van Weeren et al. 2010; Brown et al.
2011; van Weeren et al. 2011). These relics are thought to trace outward moving
shock waves from a binary cluster merger event, which develop after core passage
of the two subclusters. The idea is that double relics can be used to put constraints
on the merger timescale, mass ratio, impact parameter and viewing angle.
2. Simulating binary cluster mergers and double radio relics
We used the FLASH 3.2 framework (Fryxell et al. 2000) to simulate collisions
between two galaxy clusters, see Fig. 1. We included standard hydrodynamics and
gravity. We simulated a box with a size of 5×5×5 Mpc and start with two spherical
symmetric subclusters with masses M1 and M2 separated by a distance d. For
the gravitational potential of each subcluster we assume hydrostatic equilibrium
and spherical symmetry, and we move the center of the gravitational potential of
3Figure 2. Simulated double radio relics. The radio maps are shown when the two shocks
are separated by 2.8 Mpc. Blue contours show the observed emission at 1382 MHz from
CIZA J2242.8+5301 with the WSRT (van Weeren et al. 2010). The orange colored image
and black contours display the synthetic radio image. Left: radio map for a 2 : 1 mass ratio
merger event with zero impact parameter seen edge-on. Right: same as the left panel but
the shocks are seen under an angle of 30 deg from edge-on.
the merging subcluster around the fixed potential of the main cluster, ignoring the
interactions between the dark matter.
Passive tracer particles are used to model the radio emission. At the start of the
simulation the particles are distributed according to the density. For particles that
pass through a shock we record the Mach number, compression ratio, entropy ra-
tio, and the time since it has passed through the shock. The injection radio spectral
index (αinj) is taken from the Mach number of the shock (e.g., Giacintucci et al.
2008). The radio fluxes are normalized using the method described by Hoeft &
Bru¨ggen (2007), which takes into account the efficiency of acceleration as function
of Mach number. We adopt constant values for the magnetic field of B = 5.0 µG
(van Weeren et al. 2010). With these parameters we then compute the synchrotron
emission at a given frequency using the Jaffe & Perola (1973) model (see also,
Pacholczyk 1970; Komissarov & Gubanov 1994), taking into account the spectral
ageing due to synchrotron and inverse Compton losses. A radio map is then simply
computed by integrating the radio emission from each tracer particle in the com-
putational volume along a chosen line of sight. Two examples of these radio maps
are shown in Fig. 2.
3. Summary
We have simulated radio relics from idealized binary cluster merger events, varying
the mass ratios, impact parameters and viewing angles. The radio emission in these
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simulations is produced by relativistic electrons which are accelerated via the DSA
mechanism.
We will use these simulated radio maps to constrain the merger scenario for the
cluster CIZA J2242.8+5301, which hosts a Mpc scale double radio relic. A prelim-
inary analysis indicates that a merger event with a mass ratio of 1.5 : 1 − 2.5 : 1
provides the best match to the observed radio emission in this cluster at 1382 MHz.
The impact parameter of the merger is constrained to be b . 400 kpc, while the
shock fronts (and relics) are observed under and angle less than ∼ 10 deg from
edge-on. The relics are seen at a time of about 1 Gyr after core passage. Our sim-
ulations suggest that double radio relics provide a powerful tool to determine the
merger parameters when X-ray observations are not available. One of the main
uncertainties is the structure and strength of magnetic field in the ICM. Magneto-
hydrodynamical simulations of cluster mergers will be needed to study the evo-
lution of the magnetic field and its influence on the radio emission from merger
shocks.
References
Bagchi, J., Durret, F., Neto, G. B. L., & Paul, S. 2006, Science, 314, 791
Barrena, R., Boschin, W., Girardi, M., & Spolaor, M. 2007, A&A, 467, 37
Blandford, R. & Eichler, D. 1987, Phys. Rep., 154, 1
Bonafede, A., Giovannini, G., Feretti, L., Govoni, F., & Murgia, M. 2009, A&A, 494, 429
Brown, S., Duesterhoeft, J., & Rudnick, L. 2011, ApJ, 727, L25+
Brunetti, G., Cassano, R., Dolag, K., & Setti, G. 2009, A&A, 507, 661
Cassano, R., Ettori, S., Giacintucci, S., et al. 2010, ApJ, 721, L82
Drury, L. O. 1983, Reports on Progress in Physics, 46, 973
Fryxell, B., Olson, K., Ricker, P., et al. 2000, ApJS, 131, 273
Giacintucci, S., Venturi, T., Macario, G., et al. 2008, A&A, 486, 347
Govoni, F. & Feretti, L. 2004, International Journal of Modern Physics D, 13, 1549
Govoni, F., Markevitch, M., Vikhlinin, A., et al. 2004, ApJ, 605, 695
Hoeft, M. & Bru¨ggen, M. 2007, MNRAS, 375, 77
Jaffe, W. J. 1977, ApJ, 212, 1
Jaffe, W. J. & Perola, G. C. 1973, A&A, 26, 423
Jones, F. C. & Ellison, D. C. 1991, Space Science Reviews, 58, 259
Keshet, U. 2010, ArXiv e-prints
Komissarov, S. S. & Gubanov, A. G. 1994, A&A, 285, 27
Malkov, M. A. & O’C Drury, L. 2001, Reports on Progress in Physics, 64, 429
Pacholczyk, A. G. 1970, Radio astrophysics. Nonthermal processes in galactic and extragalactic
sources (Series of Books in Astronomy and Astrophysics, San Francisco: Freeman, 1970)
van Weeren, R. J., Hoeft, M., Ro¨ttgering, H. J. A., et al. 2011, A&A, 528, A38+
van Weeren, R. J., Ro¨ttgering, H. J. A., Bagchi, J., et al. 2009, A&A, 506, 1083
van Weeren, R. J., Ro¨ttgering, H. J. A., Bru¨ggen, M., & Hoeft, M. 2010, Science, 330, 347
